The aim of this study was to explore the shape differences in the mandibular first molars through orthographic measurements using three-dimensional (3D) virtual models, and study the possibility of new morphologic categories that require more than subjective visual inspection. A total of 164 mandibular first molars with five cusps were selected for classification. Using 3D laser scanning and reconstruction software, virtual casts were constructed. After several linear and angular measurements on the virtual occlusal plane, the teeth were clustered using the partitioning around medoids methods-an unsupervised classification.
Ⅰ. Introduction
Disproportionately sized or oddly shaped teeth in either arch make it difficult to obtain optimal occlusion in clinical orthodontics (Bolton, 1962; Lee et al., 2011a . Contemporary treatment commonly adopts the straight wire appliance (SWA) that is originally based on normative data (Andrews, 1978) . The average values of crown angulation, inclination, and relative crown prominence from nonorthodontic normals were calculated and used as the fundamental guidelines for determining the built-in prescription (Andrews, 1972) . Therefore, adjustments are sometimes required when the tooth shape is beyond the permissible range from the average (Watanabe and Koga, 2001) . At least for excellent finishing, changes in the archwire with extra treatment become routine in order to compensate these morphologic deviations (Currim and Wadkar, 2004) .
Mandibular first molars have been considered as one of the important constituents of a balanced and normal occlusion by orthodontists as well as general dentists (Andrews, 1972; Marshall et al., 2008) .
Regarding shape, orthodontists meet the mandibular first molar with diverse buccal groove positions, although extreme cases are rare. The bracket position in the SWA is usually determined by the facial axis of clinical crown, which is the buccal groove in case of molars (Andrews, 1978) .
Therefore, the position of the buccal groove can affect the alignment of the tooth attached to the appliance. However, individual variation of occlusal configuration of the mandibular first molar, including buccal groove position, has not been thoroughly elucidated in the orthodontic literature. In addition, it is not clear whether there exists discrete morphotypes in molar shape.
Traditional descriptions on tooth morphology are mainly based on the qualitative supervised classifications such as those of Gregory's (1916) or Hellman's (1928) with additional two-dimensional (2D) quantifications (Lavelle et al., 1970) . In those supervised classifications, the classification criteria are predetermined according to morphologic characteristics that the classifiers choose. Even though they are very convenient and intuitive with several advantages, they are not proper for the present study, because the classic criteria are based on the configuration of grooves and therefore cannot reflect the position of the buccal groove.
In contrast to the supervised classification, unsupervised classification is an analytical procedure based on clustering algorithms that seek out similarities between the pieces of data and automatically develop classification labels (Lee et al., 2011b) . Multivariate cluster analysis, one of unsupervised classification, is a relatively new method in biomedical science that can be used to interpret an entire set of data while preserving information about individuals. In dentistry, this methodology has been successfully used to classify dental arch forms, tooth size, and skeletal patterns free from practitioner bias (Kim et al., 2005) .
Technology using three-dimensional (3D) reconstruction and virtual models has been introduced in dentistry for various applications (Ahn et al., 2012; Jang et al., 2011; Kim et al., 2012; Park et al., 2011) . Studies of 3D
reconstructions have demonstrated its accuracy and relability . In addition, the technology makes it possible to make measurements that would be impossible or difficult to analyse using conventional means (Park et al., 2007) . Given these advantages, orthographic measurement was undertaken to gather information on groove and cusp configurations in this study.
The working hypothesis was that there are discrete morphotypes in the morphologic pattern of mandibular first molar that cannot be explained by orthodontic norm. The aim of this study was to explore the shape differences in the mandibular first molars through orthographic measurements using 3D virtual models, and to determine whether different morphologic categories exist that are difficult to identify from subjective visual inspection using unsupervised classification methods. Additional comparisons between genders were performed.
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Ⅱ. Materials and methods
The material in this study consisted of complete dental casts from 200 Korean children, including 109 boys and 91 girls who had unilateral or bilateral mandibular first molars. All the children were 10 years old at the time of cast preparations to preclude the possible effects of attrition and incomplete eruptions. Mandibular first molars with any kind of alteration such as caries or restorations that might evoke confusion in measurements were all excluded. To avoid interdependence, only one mandibular molar was randomly chosen and used even if the bilateral two molars were within the inclusion criteria. All the subjects provided written informed consent, and the institutional review board for the protection of human subjects reviewed and approved the research protocol (S-D2010015). At the initial visual inspection, only teeth with five cusps were included for further evaluation.
Finally, a total of 164 teeth from 164 children (90 boys and 74 girls) were selected for morphometric explorations.
All the casts selected were scanned using a 3D scanner (optoTOP-HE; Breckmann GMBH, Meersburg, Germany) with a point accuracy of ±0.001 mm and a resolution of 0.040 mm in the X and Y directions and 0.002 mm in the Z direction. Each cast was scanned from 10 or more different views that were then combined and rendered into a 3D image using a specialized software (Rapidform XO; INUS Technology, Seoul, Korea). The virtual 3D models were measured and analysed using a specialized software (Rapidform 2004; INUS Technology) . The virtual casts were magnified at least five times to create the reference points. For reproducibility, the reference points were created on the virtual casts through the consensus of two observers. Reference points were created two separate times by two identical observers over a 3 week period.
These landmarks on the occlusal surfaces of the teeth were used to create reference points: five cusp tips (mesiobuccal, distobuccal, distal, mesiolingual, and distolingual cusp tips), three occlusal pits (central pit, mesial pit, and distal pit), and two contact points (mesial and distal). For reproducible orientation and orthographic measurements, the occlusal plane and midsagittal line (MSL) were defined from the reference points ( Figure   1 ). The occlusal plane was constructed from the five cusp tips using the least squares method. On the constructed occlusal plane, the normal vectors from all the reference points mentioned above were drawn, and the intersections were defined as new reference points for orthographic measurements. The MSL was defined from the new reference points made from the three occlusal pits, also using the least squares method. The centre of the tooth was defined by bisecting the MSL. In addition to the original reference points, five more reference points were created on the perpendicular view of the occlusal points; most outer points of the three grooves (buccal, lingual, distobuccal grooves) and the two most prominent points (buccal and lingual vertices). Newly defined reference points for measurements were all on the occlusal plane.
The following parameters were measured on the virtual casts to determine the linear and angular characteristics of the mandibular first molars. For angular measurements, the angles formed by the MSL and lines from the centre to the respective five cusp tips were measured to determine robust against uncontrolled noise or outliers than the mean. Thus, PAM is also more robust than the conventional K-means clustering method (Kaufmann and Rousseeuw, 1990) In addition, PAM with a silhouette provides information about the appropriate number of clusters to use for the analysis (Rousseeuw, 1987) . After clustering, all samples were assigned to a classification table. After the assignment, the previously measured variables that had not been included in the clustering were investigated-not to classify the morphotype but to describe the shapes in more detail.
After verifying the assumptions of homoscedasticity and normality, Student's t-test was performed to determine the important variables that were supposed to influence the characteristic form of the mandibular first molars.
All the reported P-values were based on two-sided levels of significance.
Following the cluster analysis, additional measurements were performed. A pentagon was constructed from the five cusp tips, and the internal angles were measured for comparison with the results of Sekikawa et al. (1988) . This data was used for the depiction of a comparative diagram that elucidated the shape difference between the clusters according to the unsupervised classification.
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Ⅲ. Result
At the initial visual examination, 164 of the 172 mandibular first molars (95.3%) had five cusps (Table 2) . For the morphometric analysis, only five cusped molars were used because the number of four cusped teeth is very small in the sample population.
The mean values and standard deviations of the measurements according to gender are provided in Table 3 , as well as the result of the Student's t-test evaluating the differences between genders. There were statistically significant differences in mesiodistal diameter and buccolingual to mesiodistal ratio. Although there were statistically significant differences between genders in distoligual cusp angle and buccal vertex angle, the magnitudes of these differences were not large, and we could not find any substantial difference between genders in the angular measurements.
Therefore, cluster analysis was performed on the pooled sample.
An average PAM silhouette width was calculated to select the number of clusters, where a high average width represents good clustering.
As a result, the cluster number 2 showed the largest silhouette width from 2 to 20 numbers and, therefore, cluster 2 appeared to be the most appropriate number for grouping of the pooled 164 mandibular first molars accordng to the groove and cusp locations.
The mean values and standard deviations of the measured variables according to the clusters and the P-values of the Student's t-test for comparison between the groups are summarized in Table 4 . All measurements except mesioligual cusp angle and mesiodistal diameter showed statistically significant differences between classified clusters. In terms of groove configuration, the teeth of cluster 2 had a more mesially inclined Y-shaped groove than the teeth of cluster 1 (Figure 3) 
Ⅳ. Discussion
In general, the occlusal surfaces of mandibular first molars have a roughly oblong outline, with the mesial and distal surfaces converging in the lingual direction. There are usually five cusps-two lingual and three buccal.
This five-cusped pattern is sometimes reduced to a four-cusped pattern (Sicher and DuBrul, 1980) , which results in a more circular outline of the first molar, similar to that of the second molar (van Beek, 1983) . Several other morphologic variations (Dahlberg, 1945; Tratman, 1950; Kraus et al., 1969) have been reported in the literature.
The morphologic patterns of this type of tooth have received considerable attention, since the interpopulation and interspecific differences could be found on the basis of these patterns in the field of anthropology contact' (Morris, 1970) . They have been extensively used and played important roles over the years regarding odontology and primate evolution (Biggerstaff, 1968) . However, their usefulness is limited in examining whether there exist different morphotypes based on the groove configuration, which causes unwanted alignment when brackets were bonded according to the universal norm-based guidelines.
During orthodontic treatment the mandibular first molars sometimes exhibit the morphologies that require an alteration of the appliance or wire bending either during initial alignment or during finishing stages (Currim and Wadkar, 2004) . This means the normative data was unable to cover the whole spectrum of normal variation of tooth shape. In this respect, the present study suggested that discrete morphotypes of mandibular first molars in modern human populations may exist even in homogenous ethnicities, since the Korean population has been relatively homogeneous compared with other nations.
The question of how many morphotypes exist remains difficult to answer. In this study, cluster analysis helped to determine the number of morphotypes so that the best fit was achieved with maximum between-group distances. The main usefulness of the silhouettes lies in the interpretation and validation of the classification results (Rousseeuw, 1987) .
In terms of groove configuration, the teeth of cluster 2 had more mesially inclined Y-shaped grooves than the teeth of cluster 1, which could be inferred from smaller mesiobuccal groove angle, distobuccal groove angle, and larger lingual groove angle values. This means that a forward rotation of Y-shaped configurations exists around the centre of the teeth in cluster 2.
With the similar values of mesioligual cusp angle, a larger lingual groove angle represents a larger mesiolingual cusp in cluster 1 than in cluster 2.
There were tendencies where cluster 2 exhibited a larger buccal half thickness than cluster 1, whereas cluster 1 showed a larger lingual half thickness than cluster 1. No significant difference was observed in the mesiodistal diameter. According to Figure 3 , the outline of cusp pentagon and Y-shaped groove look slightly different between clusters.
When we put in the molar brackets using the buccal groove as a guideline, different results would be expected though it might not be critical (Figure 4 ). However, infrequent extreme cases might require substantial adjustment or individualized appliance. It is interesting to note the statement of Mclaughlin et al.(2001) that the lower molar tube should straddle the buccal groove and that it may be helpful to place the tube a little distal of this position with large lower first molars. In these cases, the lingual grooves are sometimes recommended as a reference for buccal tube positioning.
Judging by the value of buccal height thickness, lingual height thickness and buccolingual ratio, the prominence of the crown is probably different according to the clusters, which leads to the difference of in and out. In addition, there might be corresponding maxillary molar shape according to the cluster of mandibular molar for achieving good occlusion.
However, this issue is beyond the scope of this study and further investigation is now going on.
In the present study, measurements were performed on the 3D virtual models instead of 2D photographs in conventional image analysis, since a 2D image has disadvantages due to the small number of possible measurements (Chae et al., 2008) . For both 2D imaging analysis and virtual 3D models, the ability to correctly compare homologous teeth depends on the adoption of a common orientation system (Benazzi et al., 2009) . The lack of a conventional standardized-orientation system leaves researchers free to orient the teeth at their own discretion (Robinson et al., 2002) . The consequence is that the results of different studies are not pertinently comparable. Several orientation systems have been proposed by researchers, and a comparison of the systems was performed (Bailey, 2004; Kondo and Townsend, 2006; Martinón-Torres et al., 2006; Zuccotti et al., 1998 ) Also, in this study, the starting points of the measurements were established in the virtual occlusal plane. Although three main cusp tips have usually been used in orientations in maxillary and mandibular molars (Benazzi et al., 2009; Kondo and Townsend, 2006) , we used all five cusps of the mandibular first molars for the definition of the occlusal plane according to the least squares algorithm, since any possible variation in the individual cusp might considerably affect the entire orientation of the tooth. By analogy, the MSL was also defined from the three pits rather than the two end points. With rapidly increasing availability of 3D optical tools, these definitions are thought to be helpful for accurate measurements.
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Ⅴ. Conclusion
Contemporary modern human mandibular first molars were classified using unsupervised cluster analysis. The result of cluster analysis presented two clusters that showed statistically significant differences in the measurement describing the groove and cusp configurations. The normative data used in built-in prescription were based on these discrete two morphotypes; therefore, extreme cases may require additional treatment or adjustment when using SWA even though it is infrequent. On the other hand, there were no significant differences in morphometric variables between genders. 
